Background Previous research has established health professionals as secondary victims of medical error, with the identification of a range of emotional and psychological repercussions that may occur as a result of involvement in error.
INTRODUCTION
Involvement in errors has been found to elicit a significant emotional response from health professionals. 1 While the impact of error on patients is well documented, there are only two reviews that discuss the impact of medical error on professionals. 2 3 Both fail to provide an adequate discussion of findings relating to coping or outcomes beyond the immediate error event. There remains a need to identify factors that moderate the emotional effects of an error on the individual, and to understand how individuals cope with being involved in an error in the short-and longer term. It may then be possible to develop effective support mechanisms that serve the needs of different people and reduce the emotional burden associated with making an error. Therefore, the research questions posed for this review were: 1. What is the impact of being involved in a medical error on the health professional? 2. How do health professionals cope in the shortand longer term when they have been involved in a medical error? 3. Are there any factors (referred to below as moderating factors) that influence the immediate response to error and/or the way in which individuals cope? 
METHODS

Search identification and selection
Eligibility criteria
Inclusion criteria: < types of error: the error studied must fit the definition:
'the failure of a planned action to be completed as intended or the use of a wrong plan to achieve an aim without the intervention of an unforeseen event' (Reason 1990) < types of participants: given the core aims of the review, all studies were required to include health professionals and trainees from any specialities as participants in at least part of the sample. < research aims: studies must focus largely on the psychological or emotional outcomes for health professionals in the event of an error.
< study design: studies must employ a quantitative, qualitative or mixed design. < settings: studies must take place in primary, secondary, tertiary and community care settings; this does not include alternative/complementary therapy settings or dentistry.
Articles were excluded if they were not: < empirical studies and original studies; < published in English; < published in peer-reviewed journals; < published between 1980 and 2009; prior to 1980, this issue was not explicitly acknowledged, and so may be difficult to depict objectively from papers.
Method of review and data extraction
Results were merged using reference-management software (Endnote), and duplicates removed. All articles were checked by one reviewer [RS] against the inclusion and exclusion criteria. Full texts of the retained papers were then obtained, and these papers were then assessed against the eligibility criteria. The following data were then extracted from each paper:
investigator(s), publication date, study design, outcome measures, key findings and findings related to the emotional response and coping after involvement in a medical error. The extracted articles 4 were then checked by the second and third reviewers (RL, GA) against the inclusion and exclusion criteria. The inclusion of 20 articles, with a further four articles from the hand search, was agreed. Figure 1 shows reasons for exclusion.
The heterogeneous measures and research questions excluded the use of a meta-analysis of this literature. Therefore, the threestage UK Evidence for Policy and Practice Information and Coordinating Centre (EPPI) approach for synthesis of diverse studies was not considered appropriate here. 5 Findings were synthesised across all the papers in a narrative empirical synthesis; an alternative EPPI approach which has been used in other similar reviews. 6 Data that addressed our specific research questions were extracted from each paper to create themes and categories.
Assessment of study quality
Assessing the quality of evidence from both qualitative and quantitative studies was challenging. Based on earlier approaches, including criteria developed by EPPI-centre, a set of 17 quality assessment criteria had been developed (see appendix 1).
7e10 However, initial attempts by different members of the author team to apply these criteria highlighted some difficulties.
These included the difficulty in assessing criteria on a dichotomous scale (yes/no), variability in the interpretation of the criteria by reviewers, omission of key quality issues in methodology and analytical strategy, and suitability of wording in relation to qualitative work. Dichotomous responses failed to distinguish between studies with strong and weak coverage of an issue which affected inter-rater reliabilitydfor example, assessment of valid and reliable outcomes could incorporate sophisticated statistical assessment or merely face-validity checks. For some criteria, for example 'Clear description of sample,' key quality issues, such as the adequacy of the sample size, were omitted. Finally, the reliability of the analytical process in qualitative work was not considered adequately, with Figure 1 Flow diagram of search and retrieval process.
only the validity of results mentioned in the list of criteria. Following consultation with experts in the field (eg, York Centre for Reviews and Dissemination) we were unable to identify a more sophisticated quality assessment measure, which led to the adaptation of the original 17 criteria in the EPPI tool for use in this review. Studies were therefore assessed against the adapted criteria, each scored on a four-point scale. To reduce the need for expert raters, the requirements for each score were clearly defined (see appendix 2). Using this method, each paper was given a quality score, and an overall score for the body of evidence was produced. One reviewer (RS) assessed all studies against the criteria, and there was substantial agreement (k¼67.8%) between reviewers (RS, RL, PG) on a random sample of papers. 5 11 Studies were consistently rated highly on descriptions of methods yet generally received low scores on criteria related to study design and reasons for the choice of measure(s). Without a clear theoretical basis, and in the absence of an obvious choice of measurement, it appeared that measures were often selected with no clear justification. The fact that the adequacy of sample size was not considered raised questions about the power of some studies. Participants were rarely involved in study design; the changes made as a result of pilot work were not made in respect of participant views (see appendix 3 for a comparison table of the different types of study).
RESULTS
The electronic search yielded 1925 studies, and following the process described above, 24 studies were included in the review (see figure 1) . The key characteristics of the reviewed papers are displayed in table 2.
Key findings
Response and impact
Addressing research question 1, a state of significant emotional distress, for example, shame, guilt, fear, panic, shock and humiliation, immediately following an error was consistently raised in all papers. Broader psychological responses, such as self-doubt, loss of confidence and altered perspectives of patient and colleague relationships, were also frequently reported. 13e17 The impact of making an error was widespread. Common states of emotional distress, including anxiety, depression and guilt, often transferred into personal life.
13e15 18e21 In the workplace, negative outcomes included the loss of professional reputation, distrust and reduced goodwill towards patients, and detachment from patients. 15 16 22 Some authors described positive outcomes in practice resulting from an error, although often somewhat briefly. For example, improvements in practice occurred as a result of error including personal practice changes, corrective actions within the department and hospital-wide actions, often relating to increased communication with other departments. 17 23 It was reported that 70% of their sample of physicians described improved professional relationships following discussion of an error, and that improved communication following an error was due to increased assertiveness in the workplace. 24 25 It is evident that the psychological response to error could be mediated by the error outcome, subsequent patient relations, team response and institutional handling of the error. Greater intensity of emotional distress resulted from poorer patient outcomes, with higher selfblame also found in these cases. 15 19 26 A linear relationship was also described between error severity and intensity of emotional outcome for the professional, and increased emotional burden when staff considered the institutional handling of error to be poor. 4 17 Reactions of managers and senior staff were described as inconsistent, and even disapproving or aggressive, with staff experiencing interrogation, blame or occasional threats. 14 27 However, retaining good patient relationships or good support from colleagues following an error had a positive effect, increasing the likelihood of a good emotional outcome for the health professional and increasing their confidence. 15 16 This pattern of response is reflected in the first three stages of a six-stage response and recovery trajectory from the moment the error is realised to the influence it has in ongoing working life. 17 
Coping and learning
The latter three stages of the recovery trajectory proposed by Scott et al advance to the disclosure and the professional implications, support seeking and outcomes for an individual's longerterm healthcare career. 17 This review revealed that many more studies have explored the attitudes and immediate responses to error, 24 rather than the management, coping or longer-term outcomes of error beyond brief references to these issues, 8 but the findings identified around coping reflected these three areas.
The limited evidence relating to research question two suggests that there was a lack of support for the individual following an error, and limited self and organisational learning. Emotional support was often sought from close friends and family, but discussing details of the event with colleagues was found to be invaluable. 17 19 28 Despite this, support in the workplace was reported to be insufficient and, at times, even detrimental. 13 14 27 29 Error outcome was identified as a possible moderator of the emotional response and the type of coping following an error. Muller and Ornstein demonstrated a positive relationship between the severity of the error outcome and the emotional turmoil that followed, suggesting that coping was more difficult after a poor outcome. 4 Conversely, Crigger and Meek reported better coping where an adverse event had occurred that was accepted, disclosed and resolved. 30 They suggested that an unreported near-miss scenario may be potentially more damaging because the individual might rationalise the event internally, causing distress in the longer term, as the issue is never resolved. Despite limited discussion of near-miss data, this information could be invaluable in informing a strategy for learning. Using the experience of an error constructively for learning within teams and to aid coping was a recurring finding. 16 17 24 29 Kroll et al identified constructive feedback in the formal discussion of error as a key component in the effective use of error for learning. 16 Scott et al make an important distinction between 'surviving' and 'thriving' in recovery from an error event. Individuals may function at the expected performance level but continue to be disturbed by the error event, where others may experience enhanced performance as a result of actively engaging in improving practice after a negative clinical incident. 17 The importance of handling error in the correct way with a trainee sample was also highlighted, that is, avoiding punitive action or negative responses. 21 31 Wolf et al suggested that the inadequate management of error resulted in less learning, and poorer coping going forward. 27 Attitudes in the context of culture Attitudes towards error are important for error management at different levels of the organisation and are developed and maintained by the healthcare culture. Several papers therefore explicitly studied the socialisation of those in medical training. 9 It was suggested that the ideology of internal accountability and infallibility resulted in profound self-doubt and guilt in medical trainees. 18 31 Similarly, other key factors that influenced attitudes towards error were highlighted in qualitative work and included the hierarchical influence within the workplace, the threat of litigation and experiences of error. Lower-grade workers experienced disapproving responses to error disclosures by managers and were discouraged from disclosing errors by senior colleagues. 27 31 Such negative attitudes appeared to be linked to the fear of litigation and professional loyalty. Professionals indicated that discussing error was unsafe, as it may lead to punitive action against those involved, which may damage relationships with colleagues. 15 17 32 33 Such fear was highlighted as a key barrier to the discussion and reporting of error. Conversely, Waterman et al reported that 90% of physicians experienced inadequate support with colleagues 'turning a blind eye' following an error. 13 However, interestingly, good colleague support was found to be valuable in recovery from an error. 32 Despite the lack of studies that explicitly address factors that influence the coping of staff following an error, the research described here suggests that attitudes, culture and colleague relationships may be important.
Moderating factors and implications for practice
The extent to which the response to error varies as a function of clinical setting and professional group is not clear. A disproportionate amount of research is conducted within hospital settings 16 compared with primary care. 1 Despite the remainder of studies 8 drawing together a sample from across these two care environments, comparisons were not made between these two respondent groups. This has implications for the management of error in primary care settings when so little is known about the experiences of staff in these settings. A greater proportion of studies focused on either trainee or experienced physician samples 19 in comparison with nurses, 5 but differences in the nature of the research and responses were evident between these professional groups, such that research with nurses was predominantly qualitative with research questions directed at the discussion of feelings, emotions and the meaning of making an error to these individuals. Nurses were reflective in their response to making an error, with these events having an influence over the way they felt about themselves and how they work. 26 30 Nursing samples were also consistent in raising a feeling of personal responsibility for an error and the commitment to reporting such incidents regardless of an increased likelihood of being blamed. 14 24 26 30 Papers featuring trainee samples highlighted the learning element of making an error, focussing on clinical outcomes and change in practice. 16 19 31 34 All studies that explored only adverse events, or the most memorable or significant error, included samples limited to physicians, resulting in increased focus on the activities taken to manage the clinical outcomes of the error and professional repercussions of these events. 15 22 29 32 35 Comparisons of the emotional responses of these different professional groups are hampered by the different research questions posed for the two group. This also has implications for attempts to use current knowledge about the impact of error to inform change.
DISCUSSION
This is the first review to take a systematic and structured approach to identifying the current state of research into the attitudes, responses and coping strategies of health professionals who make errors. Twenty-three studies, across a number of healthcare settings, were reviewed.
Key findings
Little is known about the proportion of individuals who suffer as a consequence of making an error, or the relationship between severity of error and the experience of distress. Nevertheless, the literature suggests that following an error feelings of shame, guilt, anxiety, fear, self-doubt and depression are consistently reported. Making an error has implications for professional and personal life, threatening reputation, self-confidence, and relationships with colleagues and patients.
13e15 17 35 Medical culture drives the development and maintenance of attitudes that influence responses to and management of error, such that a lack of formal support and poor institutional handling of errors are frequently reported. 4 16 18 27 31 Interestingly, although peer support is important for both individual and team recovery, willingness to provide such support to colleagues following an error is lacking. 13 The six-stage recovery trajectory proposed by Scott et al reflected many of the key findings from this review and invites further investigation on a larger scale towards a basis for the development of institutional support. 17 Despite the developing body of research, many issues are yet to be addressed. Gaps in knowledge currently exist around coping, formal and informal support systems and longer-term outcomes for the professional. Greater discussion of successful coping could be highly informative for intervention design. To date, the potential moderators of the emotional response, which may include error severity, colleague relationships, workplace culture and individual characteristics such as personality, have not been studied explicitly. These factors could be central in understanding the circumstances in which support would be beneficial, and may alert both individuals and healthcare institutions of the circumstances in which an error may have the most severe repercussions. Although the negative impact of an error has been well documented, there is little consideration of the possible positive affective outcomes that may allow a more constructive use of error for learning and improvement.
Methodological limitations of reviewed papers
The wide range of measurement tools found in the review may be advantageous in one sense, allowing for a broad range of outcomes to be assessed, but at the same time this makes comparisons across studies difficult. For instance, no two quantitative studies use the same instrument to assess attitudes or emotional response. Similarly, there is an absence of commonly used general health and specific mental health measures such as the General Health Questionnaire or Beck Depression Inventory. 36 37 A large number of studies rely on survey methods which may not be sufficient to study such potentially intense emotional reactions. Furthermore, the reliance on cross-sectional data in 21 of the 23 studies means that it is not possible to disentangle cause and effect, and longer-term outcomes of the error are neglected. The latter may be key in the management of error. The links drawn between the severity of an error and the emotional response are questionable because of the use of selfreports to measure severity. 4 19 26 A final concern is that although there is diversity across the studies in terms of job types, specialism and socialisation into medicine, only one study uses a large multidisciplinary sample. 27 Many other studies focus specifically on one group, for example physicians, nurses and medical trainees, and are often reliant on small samples. It is therefore difficult to draw conclusions across study findings, and to generalise beyond each sampled group.
Methodological weaknesses of review
First, it is possible that the search strategy did not locate all the relevant studies. However, this possibility was minimised by consulting an information scientist in the development of search terms and the selection of databases. Nonetheless, even in the event of a faultless search strategy, the problem of publication bias means that important negative findings from unpublished research may have been omitted.
Furthermore, there is evidence that the level of sensitivity and precision of bibliographic databases is dependent on the topic searched, and this may affect the number of articles returned. 38 The efficacy of database searches to capture articles in the area of patient safety appears yet to be evaluated, but the implication from other health-related research is that some articles will be missing. 38 39 This issue was addressed through the use of several databases to broaden coverage, and additional hand searching.
SUMMARY
This review identified 23 studies investigating the response and coping of health professionals following experience of an error. Consistent findings support the existence of an intense emotional response, and the impact of error on individuals' professional and personal lives. Current research fails to fully address how individuals cope with making an error, and the longer-term impact of this on themselves and those around them, including their patients. Barriers that prevent professionals receiving the necessary support include the negative attitudes towards error in the culture of medicine, the threat of professional loss and the lack of available institutional support. Further research requires the exploration of the full life cycle of clinician experiences following error, from immediate responses to longer-term impact, as well as the role of organisational culture and preregistration education.
